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955 L'ENFANT PLAZA NORTH, S.W. 

- 
WASHINGTON, D. C. 2M24 - - 

SUBJECT: A p o l l o  Command Sys tem - S p a c e c r a f t  DATE: ! , larch 2?, 1969 
Computer Update  D t ? l a y s  Us ing  t h e  
Updata  Link  - Case 900 J. E.  J o h n s o n  

TECHNICAL MEMORJ-NDUM _. 

Concern h a s  sometimes been  e x p r e s s e d  a b o u t  t h e  d e l a y s  
i n h e r e n t  i n  t h e  A p o l l o  command s y s t e m .  I n  p a r t i c u l a r ,  i t  has 
b e e n  t h o u g h t  t h a t  t h e  time r e q u i r e d  t o  u p d a t e  t h e  Command 
Nodule Computer ( C X C )  E or Lunar  Module Guidance  Computer (LGC) 
at; l u n a r  d i s t a n c e  v i a  tk ie  u p d a t a  l f n k  c o u l d  b e  e x c e s s i v e .  The 
d e l a y s  i n  t h e  s y s t e m  a re  t h e  r e s u l t  o f  t h e  s y s t e m  d e s i g n ,  m e s -  
s a g e  c o d i n g ,  and o p e r a t i o n a l  p r o c e d u r e s .  T h i s  memorandm 
examines  t .he delays t h a t  could. b e  e x p e c t e d  i n  u .pda t ing  the CMC 
or L G C ,  based  upon t h e  command s y s t e m  h a r d w a r e ,  s o f t ~ a r e ,  and  
o p e r a t i . o n a 1  p r o c e d u r e s  used f o r  A p o l l o  m i s s i o n s  AS-205 arid 
subseq i i en t  ( U n i v e r s a l  Coininand S y s t e m ) .  I t  i s  shown t h a t  the 
ri2xim1uril I.er1gth updai;e ( 18 co rnpu te r  iwords ) to a s p a c e c r ~ f t  Z t .  
lunar  disi;?.nce , a:;suming noi,:r?.l systejm opt?rc?,kis i i ,  :,::12. re:!ui r2 
a b o u t  80 s e c o n d s .  T h i s  does  not appe2.r t o  be e x c t ? s s i v e  !.:hen 
c o n s i d e r e d  i i l  the context of t h e  o p e r a t i o n a l  e n v i r o n m n t  . 
TYPES OF UPDATES - .-_____ 

T h e r e  a r e  f o u r  b a s i c  t y p e s  o f  u p d a t e s  t o  b e  u s e d  
x i t h  t h e  u p d a t a  l i n k  t o  t h e  Cy*?C and LGC. Two of' t h s s e ,  Verb 
71- type  u p d a t e s  and V e r b  72- type  u p d a t e s , a r e  u s e d  t o  a l t e r  
da ta  o r  i n s t r u c t i o n s  s t o r e d  i n  t h e  c o m p u t e r ' s  e r a sab le  memory. 
The V e r b  7 1  u p d a t e  i s  u s e d  t o  a l t e r  t h e  c o n t e n t s  of up t o  18 
c o n s e c u t i v e  s p a c e c r a f t  computer  memory r e g i s t e r s  (15 b i t s  e a c h ) .  
T h e ' V e r b  72 u p d a t e  i s  u s e d  t o  a l t e r  t h e  c o n t e n t s  of up t o  9 
n o n - c o n s e c u t i v e  memory r e g i s t e r s .  Longer  l e n g t h  u p d a t e s  c a n  be 
u s e d ;  i.n t h i s  c a s e  t h e  t o t a l  u p d a t e  i s  b r o k e n  up i n t o  b l o c k s  
o f  n o t  more t h a n  1 8  (9) CPiC/LGC: !:rords e a c h ,  and  e a c h  b l o c k  i s  
u p l i n k e d  and v e r i . f i e d  as i f  i t  were a 'complete  u p d a t e  i n  i t s e l f .  
All pre- iniss i -on i d e n t i f i e d  and 1.abeled u p d a t e s  (e.?;. , s t a t e  
vector u.pdates ,  target u p d a t e s )  a r e  c o n t a i n e d  i n  n o t  niore t h a n  
1 8  computer  words and  c a n  be u p l i n k e d  as an e r i i l t y .  T h e r e  does  
e x i s t  a c a p a b i l i t y ,  however, t o  a l t e r  t h e  c o n t e n t s  o f  any  D a r t  o r  
a l l  of  t h e  erasab1.e  memory i n  b o t h  s p a c e c r a f t  c o m p u t e r s .  The 

"A l i s t  o f  a b b r e v i a t i o n s  and  acronyms u s e d  i n  t h i s  
memorandum i s  g i v e n  on  page 1 2 .  



B E L L C O M M ,  I N C .  - 2 -  

r' 

i 

o t h e r  two u p d a t e s ,  V e r b  70 and Verb 7 3 ,  a r e  t ime  i n c r e m e n t  up- 
d a t e s .  Verb  70 i s  a l i f t - o f f  time u p d a t e ,  t r a n s m i t t e d  i n  
d o u b l e  p r e c i s i o n  ( 2  CoiTIputer \ajordS, or 30 b i t s ) .  V e r b  73  i s  a 
c l o c k  t i m e  u p d a t e ,  a l s o  t r a n s m i t t e d  as a two-word d o u b l e  p r e -  
c i s i o n  p a r a n e t c r .  

-. . 
The Verb 71 u p l i n k  f o r m a t  i s  as follows: 

V 7 1 E  

I I E  

A A A A E  

X X X X X E  

XXXXXE 

XYXXUE 
K S :  - - r  - I 

Verb P reamble  

Index  ( 3 < 1 1 < 2 0 )  
S t a r t i n g  Addres: 

- -  

Data ( u p  t o  
18  l i n e s )  

The Verb Preaci!,,le tells t l le 'computer  the f o r m a t  o f  
t h e  d a t a  t o  follo:.!. The Index  g i v e s  t h e  number o f  l i r ies  ( w o r d s )  
t o  e x p e c t ,  i n c l u d i n g  t h e  index  l i n e .  The S t a r t i n g  Address  i s  
t h e  e r a s a b l e  memory address  a . t  which t h e  computer  i s  to start 
1oZdLng t h e  d a t a  a f t e r  i t  has b z e n  v e r i f i e d .  Up t o  18 line; 0.f 

da ta  f o l l o w .  Each l i . n e  c o n s j s t s  of 5 o c t a l  d i g i t s ,  cnmprisI .ng 
a 1 5 - b i t  CMC or L G C  [word. The I n d e x ,  S t a r t i n g  Addres s ,  and  d a t a  
are a l l  s t o r e d  i n  c o n s e c u t i v e  slots i n  b u f f e r  s t o r a g e  (UPBUFF)  
until t h e  g round  v e r i f i e s  v i a  t e l e m e t r y  t h a t  t h e y  were r e c e i v e d  
c o r r e ' c t l y .  After  g round  v e r i f i c a t i o n ,  a " F i n a l  E n t e r "  code  i s  
t r a n s m i t t e d ,  c a u s i n g  t h e  d a t a  t o  b e  t r a n s f e r r e d  from UPBUFF t o  
t h e  d e s i r e d  l o c a t i o n s  as i n d i c a t e d  by t h e  s t a r t i n g  a d d r e s s .  
Each l i n e  o f  i n s t r u c t i o n  arid d a t a  must  be t e r m i n a t e d  iviith a n  
"Enter" (E) c h a r a c t e r ;  although, only t h e  I i -charac te r  " F i n a l  
E n t e r "  (V33E) code xi.1.1. cause  t h z  d a t a  t o  be e n t e r z d  i n t o  Txsrk- 
i n s  memor;. These  En te r ) s  are not s t o r e d  i n  t h e  s p a c e c r a f t  co!ii- 
p u t e r .  'yne F ina . i  Z n i e r  is ti7&iisi:iS.tted ~ r i l y  a f t e r  t h ~  g;roun:! 
has v e r i f i e d  correct r e c e i p t  of all t h e  d a t a .  

-. 

Each upl - inked  c h a r a c t e r  ( o c t a l  d i g i t ,  V ,  E ,  e t c . )  i s  
f o r m a t t e d  as  a 5 - b l ~ t  "keycocls ." ,  and  i.s Yp l inked  i n  true- 
complemen t - t rue  form.  Accompanying e a c h  l teycode i.s a 3 - b i t  
v e h i c l e  addres s ,  a 3 - b i t  system addres s ,  and  a l o g i c a l  " o n e " .  
Each b i t  i s  s u b - b i t  encoded  a t  t h e  t r a n s m i t t i n g  s i t e ,  a p ro -  
cess  t h a t  s u b s t i t u t e s  a 5 - b i t  code  for e a c h  i n f o r m a t i o n  b i t .  
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Thus 110 s u b - b i t s  ( 2 2  i n f o r m a t i o n  b i t , ? )  a r e  u p l i n k e d  for e a c h  
c h a r a c t e r .  T h i s  keycode  format  i s  shov:n j.n F i g .  1. A l i s t  
of k e y c o d e s . a n d  t h e i r  b i t  s t r u c t u r e s  i s  g i v e n  i n  T a b l e  1. b 

'Tile f e r c  7 2  u p l i n k  format  i s  ds f o l l o w s :  

V72E 
I I E  

A A A A E  

XXXXXE 

P. A A A-E 

XXXXX? 

A A A A T  

X X X X X Z  

IT332 

Verb Preamble  

I n d e x  ( 3  <I1 <19) 
Address for f i r s t  l i n e  
F i r s t  l i n e  o f  d a t a  
AddreSs  f o r  second lj.:-; 
Second l i n e  o f  da t a  

- -  

Address  f o r  l as t  l i n e  
Last l i n e  o f  dz t a  
4'i:ial E n t e n  

Addresses  and 
Data ( u p  to 
g p a i r , . )  } S t o r e d  i n  

" UP B UFF ' I  

T h i s  u p d x t e  d i f f e r s  f r o m  t h e  Ver0-7l u p d a t c  i n  that 
d a t a  i s  not r e q u i r e d  to b e  s torcc? i n  c o n s e c u t i v e  memory registers. 
S i n c e  an  a d d r e s s  must be  s u y p l i ~ d  !.!?ti? e a c h  l i n e  o f  d a t a ,  t h e  
l e n g t h  of the u p d a t e  i s  l i m i t e d  t o  9 l i n e s  o f  d a t a .  ' I h i s  con- 
s t r a i n t  1s due t c  t h e  ' r U P ~ 2 ~ J z - ~ 1 '  t n t s l  c s p a c i t y  or '  2 0  l i n e s .  As 
w i t h  t h e  Verb  7 1  u p d a t e ,  the i n d e x ,  add res ses ,  and da t a  a r e  a l l  
s t o r e d  i n  UPBUFF u n t i l  v e r i f i e d  b y  t e l e m e t r y  r e a d - o u t .  The 
F i n a l  E n t e r  causes e a c h  l i n e  of d a t a  to b e  t r a n s f e r r e d  to its 
i n d i c a t e d  address in work ing  memory. 

The same 110 s u b - b i t  u p l i n k  f o r m a t  i s  used  as f o r  the 
V e r b  71 u p d a t e .  .. 

T h e  v e r b  7 0  upl i -nk  for ina t  i s  a s  fol.lo:.:s: 

V70E 
X X X X X E  

X X X X X E  

Verb  PreaEble 
Most S i g i f i - c a n t  P a r t  o f  1 Time I n c r e m e n t  

Stored i n  
If UPB UFF I Least S i g n i f i c a n t  P a r t  

o f  T i m e  1,; ,reriient 

F i n a l  E n t e r  
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The Verb 73  f 'ormat  is i d e n t i c a l  e x c e p t  f o r  t h e  suh;;titution o f  
V 7 3 Z  Tor V79?,. V e r i f i c a t i o r i  procedur.cr, a r e  t h e  same as f o r  
Verb 71 and Verb 7 7  u p d a t e s .  V e r b  7 0  and V e r b  73 u p d a t e s  w i l l  
not be c o n s i d e r e d  f u r t h e r  i n  t h i s  menorandurn. 

A list 0 ;  command l o a d s  i s  g i v e n  in T a b l e  2 .  The 
E r a s a b l e  Memory u p d a t e s  are g e n e r a l  u p d a t e s ,  and  may be  any 
l e n g t h .  A l l  o t h e r s  are  c o n t a i n e d  i n  n o t  more t h a n  18  l i n e s  
(Verb  7 1 )  or 9 l i n e s  ( V e r b  7 2 ) .  

C 0 ?'IT4 AN D 0 P E R E I  ON A L P Fi 0 C E DUKES ' 

Command u p d a t e s  ( l o a d s )  a r e  nor ina l ly  g e n e r a t e d  con- 
si.d.erab1.y in adva~nce  o f  the  time they are  e x p e c t e d  tc; b e  u s e d .  
The u p d a t e ,  l e s s  t h e  F i n a l  E n t e r ,  i s  t r a n s n i t t e d  i.n keycode 
fo r s l a t  to t h e  s e l e c t e d  ?-SFILI s i f ; c ( s )  azid s L o r e d  in t he  meinoily 
of t h e  Remote S i t e  Command Computer ( 3 S C C ) .  The a c t u a l  u p l i n k -  
i n g  of  t h e  l o a d  i s  u n d e r  t h e  c o n t r o l . o f  f l i g h t  c o n t r o l l e r s  a t  
t h e  njlission C o n t r o l  C e n t e r  ( - ~ c c )  i n  Houston. 

1 .  

2 .  

3.  

4. 

5. 

The f l i g h t  c o n t r o l l e r  w i l l  t r a n s m i t  t h e  l o a d  number 
t o  t h e  s i t e  a l o n g  !with a "Verb I n i t i a t e "  r e a u e s t .  
T h e  RSCC w i l l  then upl in ic  the 3 c h a r a c t e r s  11V71" o r  
I 'V72"  a s s o c i a t e d  r.:ith thsk l o a d .  Cori-ect  r e c e i p t  o f  
t h e s c  3 chczracters  i s  v e r i f i e d  b y  o b s c y v i n z  a d i s p l a y  
o f  t e l e n ? t e r e d  dat7: on  tht .  f l i g h t  controller's c o n s o l e .  

T h e  a c t u a l  l o a d  xi11 b e  c a l l e d  up  b y  t r a n s n i t t i n g  a 
"Load I n i t i a t e "  r e q u e s t  t o  t l i e  RSCC. The RSCC w i l l  
remove t h e  l o a d  from memory, f o r m a t  i t  i n t o  t h e  22 -  
b i t  u p l i n k  f o r m a t ,  s u b - b i t  encode  i t ,  and  u p l i n k  i t  
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6 .  

7 .  

8 .  

9. 

a t  a rat .e o f  one !ce;Tcode c!-,sraci;er ( o c t a l .  d i 2 ; i t )  
e v e r y  160 m s .  The load w i l l  b e  v e r i f i e d  b y  !-laLTing 
t h e  R S C C  pel-form a b i t - b y - b i t  compar i son  of  tht? 
t e l e r n e t e r e d  read-out  o f  t h e  UPBUFF c o n t e n t s  v ; i th  
what i t  h a s  s t o r e d  i n  its r n ~ r : l . ~ ~ r j l .  A v e r i C i c a t i o n  
message w i l l  be  s e n t  to t h e  f l i g h t  c o n t r o l l e r  a t  
t h e  c o n t r o l  c e n t e r .  

Upon v e r i f i c a t i o n  of  t h e  l o a d ,  t h e  f l i g h t  c o n t r o l l e r  
will t r a n s m i t  a r e q u e s t  f o r  t h e  ''VI' o f  t h e  F i n a l  
E n t e r ,  and await v i s u a l  v e r i f i c a t i o n  b e f o r e  p r o c e e d i n g .  

The same p r o c e d u r e  >:ill b e  follo:.!ed for t h e  first "3". 

D i t t o  f o r  t h e  second 1 1 3 1 f .  

- P a r t  of Command Ve r i f i c a 1; i on _________ 

V 7 l  or V 7 2  V i s u a l  - i!CC 

E V i s u a l  - -4CC 

I n d e x ,  Address and Automat i c  - RSCC, w i t h  
d a t a  message  s e n t  to FlCC 

V V i s u a l  - MCC 

3 V i s u a l  - I4CC 

3 
E 

V i s u a l  - Y C C  
-- 

S i n c e  a c o m a n d  l o a d  i s  n o r r a l l y  g e n e r a t 5 d  and trans- 
m i t t e d  to a r e m o t e  s i t e  i n  advance of its u s e ,  t h e  d e l a y s  as- 
s o c i a t e d  w i t h  t h e s e  p r o c e s s e s  do n o t  n o r m a l l y  e n t e r  i n t o  t h e  
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v 

I 

o v e r a l l  commaridi n ~ ;  deI.ay . For t h o s e  r e l a t j . v e 1 y  rare casu;  lxhei; 
it i s  d e s i r e d ' t o  g e n e r a t e  a l o a d  a:id u p l i n k  i t  i m n e d i a t e l g ,  a n  
e s t ima te  o f  t he  l o a d  g e n e r a t i o n  t i m e  i s  i n  t h e  nei-ghbor!iood o f  
15 s e c o n d s ,  ' and  t h e  l o a d  t r a n s f e r  t i m e  to t h e  r e m o t e  s i t e  is 
a b o u t  3 .  5 . ~ c ' ~ n ; i d s .  !%tkIny a n  a l l o : ~ r n c ; ,  f o r  f'I.?;ht c o n t r o l - l e r  
r e s p o n s e  t i m e  to t h e  r emote  s i t e  ac!mo-;Jledgement o f  c o r r e c t  
a c c e p t a n c e  o f  t h e  l o a d  ( v a l i d a t i o n ) ,  p e r h a p s  20 s e c o n d s  -*vould 
b e  r e q u i r e d  p r i o r  to t h e  commencement o f  t h e  u p l i n k i n g  p r o c e s s .  

The l o a d  g e n e r a t i o n  t i m e  i n c l u d e s  t h e  t i m e  r e q u i . r e d  
f o r  t h e  f l i g h t  c o n t r o l l e r  t o  v e r b a l l y  i n s t r u c t  t h e  HTCC Computer 
Command C o n t r o l l e r  ( C C C )  as t o  t h e  n a t u r e  o f  t h e  l o a d  h e  i van t s ,  
t h e  ti.me f o r  t h e  C C C  t o  i n p u t  t h e  n e c e s s a r y  da t a  t o  t h e  ET'CC, 
t h e  RTCC l o a d  g ; t 'ncra t ic i i  trims, t h e  ti!:!e r e q u i  r e 5  f5r r e x i - o u t  
and  d i s p l a 2  g e f i e r a t i o n  o f  the l o a d  to t h e  C C C  and  t o  t h e  r e q u e s t -  
j.ng f l i g h t  c o n t r o l l e r ,  t h e  time f;aken to v i s u a l l y  revieivi t h e  
l o a d ,  qnd the t i m e  to t r a n s f e r  t h e  apF;%oved l o a d  t o  t h e  Comiunl- 
c a t i o n s ,  Comma.nd arid Te1emettr .y  S:ist?e!n (CCATS) . C-enL~i  e r : p e i . i e n c s  
has shovn t h a t  cormand l.oad g e n e r a t i o n  requires aboouL 12-15 
s e c o n d s .  These p r ' oces ses  are e s s e n t i a l l y  t h e  same for G ~ ~ ~ - - , '  I 1. n 1 ' 
a n d  A p o l l o ,  and th i ;  t i m e s  s!iculCi b e  c o n p a r a b l e ,  

T!ie t r 3 n s z i s s j - o n  and v a l i d s t i o n  tiiiie reclu5 f ' c ~ ! ~  2 11 

i t em 1 i n  Table  3 ,  and i s  sho:.!ri t o  be c?bout 3.5 seco:idS. T h i s  
assurnes norinal s y s t e m  o p e r a t i o n  , ~ i t h  no e r r o r s  d e t e c t e d  and no 
r e t r a n s n i s s i  O i l s .  T h e  tra.nsm?.s;ior, p a t h  i s  a s s u ~ e ~ l  t o  coi1s;ist o f  
a 5 0 . 0  k b p s  I;!ide Eand Data (Y3:U) c i r c u i t  b e t v e e n  Hoiustori  and 
Goddud . ,  and a 2 .  4 k'nps I I igh  Spsed Qfeta ( X S D )  ci_rcu~;t be~:.:~2:-?n 
Goddard and t h e  rernote s i t e  routed v i a  a communica t ions  sat.21- 
l i t e  a t  s y n c h r o n o u s  a l t i t u d e ,  A l l  t i m e s  a re  ap?roxi .mate .  Pro- 
c e s s i n g  d e l a y s  a r e  p a r t i c u l a r l y  h a r d  to p r e d i c t ,  s i - n e e  t h e y  
depend  upon what e l s e  may be g o i n g  on i n s i d e  t h e  compute r  when .  
t h e  da t a  a r r i v e s ,  and what p r i o r i t i e s  a re  a s s o c i a t e d  w i t h  t h e  
v a r i o u s  t a s k s  i t  i s  c a l l e d  upon to p e r f o r m .  The t i m e s  l i s t e d  i n  
T a b l e  1 awe e s t ima tes  o f  t h e  niaxi.murr! (or i.n soilie cases n e a r -  
maxi.rr,urn) de lays  t o  b e  e x p e c t e d  a:isu.-ing normal  o F ' e r a t i o n  , and. 
no  o v e r l o a d i n g  of  t h e  system. T'!ie es t imates  w?re b a s e d  oil i n f o r t  
m a t i o n  frorn l ief .  l ~ ,  and  from d i s c u s s ?  o n s  :::Ith ' I S C  p e r s o n n e l .  

13-:.;9r!2~ u : ; ; i 3 ~ ~  j - y  - j-t,ei:.i.z?~ 1 - 1 3  i and  A.,. T 32" _ _ w  _ , I _  '-.= -"  __-  ..T--~,c! > 

T h e r e  are s e v e n  s t e p s  in t h e  u p l i n k i n g  or" a CIVIC o r  
L G C  u p d a t e  ( a s  l i s t e d  on page 16). T h e  i t e m s  c o n t r i b u t i n g  to 
d e l a y s  i n  t h e s e  s t e p s  a r e  t a b u l a t e d  u n d e r  S e c t i o n s I I - V I 1 1  i n  
T a b l e  3 .  
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Each step i s  i n i t i a t e d  t , y  a n  i:xecute Command % e q u e s t  
(ECR) t r a n s m i t t e d  from t h e  Cont ro l  C e n t e r  to t!ie RSCC. T!lr 
ECR i s  g e n e r a t e d  i n  CCATS i n  r e s p o n s e  t o  p u s h b u t t o n  s i g n a l s  
f rom t h e  f l i g h t  c o n t r o l l e r ' s  c o n s o l e .  The t r a n s m i s s i o n  p a t h  t o  
the reI; ,ote s i t - -  i s  the same as f o r  t h e  '.?ad d a t a .  

The f i r s t  s t e p  of t h e  u p l i n k  s e q u e n c e  i s  t h e  u p l i n k i n g  
of " V 7 1 "  o r  " V 7 2 " .  The ECR f o r  t h i s  s t e p  c o n t a i n s  t h e  l o a d  
number,  t h e  code  f o r  " V e r b - I n i t i a t e " ,  and  a n  i n d i c a t i o n  o f  w h e t h e r  
UHF o r  USB t r a n s m i s s i o n  i s  to be  u s e d  ( d e t e r m i n e d  by t h e  
f l i g h t  c o n t r o l l e r ) .  The  d e l a y s  t o  b e  e x p e c t e d  f o r  t h e  t r a n s m i s -  
s i o n  and  v e r i f i c a t i o n  o f  t h i s  s t e p  total a b o u t  8 s e c o n d s ,  and  
a re  i t e m i z e d  i n  S e c t i o i  I1 of T a b l e  3 .  It i s  assur?ed t h e  s p a c e -  
c r a f t  i s  a t  l u n a r  apogee  ( 2 . 2  x 105 nm) .  
1 k b p s .  There  i s  a 5'3 ins s p a c t n g  Set:.!een t h e  u p l i n k l n ;  o f  suc- 
c e s s i v e  c h a r a c t e r s  to p e r n i t  t h e  s p a c e c r a f t  d e c o d e r  t o  c l e a r  o u t  
t h e  p r e v i o u s  c h a r a c t e i 2 .  The r a t e  of up1in; : ing i s  thLts one 
c h a r a c t e r  (113 s u b - b i t s )  p e r  163 I;'$. ' 

T h e  u p l i n k  r a t e  i s  

T h e  V e r b  P r e a m b l e  i s  t e l e i n e t e r e d  back  t o  t h r  gyo1-i.95 
as r .z.yt  of' 2 2i)Q -,:~r.j. (15 bj. ts/ : , :o~-dd) 1" Lsc rea.z-,:?;-:.t j - i : ; i .  

t h i s  I.i..st ~ t l l  be ?-?ad o u t  e:;ei-y t:.:o secor ids .  Ho:.:eve:(*, t h e  
i n f o r m a t i o n  t o  be veTrii'ied ap92Fii 's Lviice In t h e  l i s t  , s;.psi?at+d 
b y  99 ixords . T h u s  the maximur:! v ;pLj  t 1 ; i i l l  b e  one sccoisi'i. I~!hn!-~ 
o p e r a t i n g  - i n  t h e  lo!.!-bli_t r a t e  mode f r o n  t h e  CSN ( 1 . 6  i i b p s ) ,  cnz 
l i s t  i.s read o u t  e v e r y  10 s e c o n d s ,  and t h e  maxiniurn. t ia i t  i s  5 
s e c o n d s .  The l i s t  d o e s  n o t  a?pca?  i n  the L,I.? l0a.i :?it r z t e  t c l e t r s -  
t r y .  I t  l i s  not p l a n n e d  as a norn2.1- prccec iure  to cor:;r-cnci v!hen 
o p e r a t i n g  i n  t h e  lor.: r a t e  mode. Hence,  one second  v:as t a k s i ;  as 
t h e  a p p l i c a b l e  maximum d e l a y  f o r  t h i s  s t u d y .  The a v e r a g e  d e l a y  
would b e  o n e - h a l f  s e c o n d ,  and t h e  minimum would b e  z e r o ,  depend-  
i n g  on where i n  t h e  r e a d - o u t  c y c l e  t h e  t e l e m e t r y  s y s t e m  h a p p e n e d  
t o  b e  when t h e  d a t a  was r e c e i v e d .  

'I!ki.n o??r?et. i  n, ir?, t l - 1 3  @ - 2 l k  r a t 2  6 

. .  

The s e c o n d  s t e p ,  u p l i n k i n g  a n  E n t e r  t o  c o n d i t i o n  t h e  
compute r  for t h e  da ta  t o  follo-.v ( I i i s t r u c t i n g  i t  t o  go t o  Pro-  
gram 27), r e q u i r e s  e s s e n t i a l l y  the same t i m e  as t h e  first. The 
o n l y  d i f f e r e r , c e  lis t h a t  s i n c e  only one kejrcode i.s req1,iireci , 
3213 ms a1.e s a v e d .  The t c t z l  fer t . h j  s step i s  thus 2bou t  7 .  5 
s e c o n d s .  I-iowevc?r, before t h i s  s t e ! ,  (aid a l l  s u . c c e e d i n ~  s tep : ; )  
c a n  b e s i n  , the f l i g h t  controller nust o b s e r v e  the v e r i f ' i c a t i o n  
s i g n a l  he  r e c e i v ? s  f rom t5e  p r e c e d i n g  step, and r e s p c n d  w i t h  t h e  
a p p r o p r i a t e  rria-.iial a c t i o n s  ( p u s h b u t t o n  c l ? p r e s s i o n s ) .  S i n c e  h e  
would 1 0 g i c ? ~ l l y  b e  e x p e c t e d  t o  b e  g i v i n g  his f u l l  a t t e n t i o n  t o  
t h i s  a c t i v i t y ,  h i s  r e a c t i o n  t ime  s h o u l d  be  s h o r t  (al . t! iough l o n g  
r e l a t i v e  t o  compute r  p r o c e s s i n g  t i n e s ) .  A f i g u r e  o f  t!.io s e c o n d s  
was a r b i t r a r i l y  assumed f o r  t h i s  s t u d y .  I t  s h o u l d  be n o t e d  t h a t  
a n  i n a t t e n t i v e  f l i g h t  c o n t r o l l e r  c o u l d  s i g n i f i c a n t l y  i n c r e a s e  
t h e  t o t a l  s y s t e m  d e l a y .  

. ... - . -. ..... - ..... .. ~. 
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The upLinLinK of t h e  l o s d  data ( S c c t i o r !  IV o f  T a b l e  3 )  
would t a k e  a b o u t  2 6 . 5  seconds for h r:iaxi.mum 1.cngLk of' 18 7:!ords, 
T h i s  s t e p  i.s i n i t i a t e d  by  a n  ECR g i v i n g  t h e  l o a d  number. 1 n i . s  

? c a u s e s  t h e  l o a d  t o  b e  rernoved f r n n  R S C C  s t o r a g e ,  forna t tec! ,  and 
~r , l i : -~! . ;?d  2s ar o;lt,j .t .jr. 'There 3 R no  :.i:ilt. for v e l ; i f i c a t i . o i l  u n t i l  
t h e  e n t i r e  l o a d  h a s  been  up l i r iked .  S i n c e  e a c h  :.;ord c o n s l s t s  o f  
5 o c t a l  d i g i t s  p l u s  a n  e n t e r . ,  i t  r e q u i r e s  960 m s  t o  u p l i n k  a 
word .  T h u s ,  for l o a d s  of  s h o r t e r  l e n g t h ,  a p p r o x i m a t e l y  one  
s e c o n d  s h o u l d  b e  s u b t r a c t e d  f o r  e a c h  v o r d  l e s s  t h a n  1 8 .  

m1 

i 

V e r i f i c a t i o n  o f  t h e  l o a d  data  i s  pe r fo rmed  a u t o m a t i c a l -  
l y  by t h e  RSCC u s i n g  t e l e m e t r y  d a t a  i.n what i s  t e rmed  a " b u f f e r  
compare" r o u t i n e .  The d a t a  r e c e i v e d  b y  t h e  s p a c e c r a f t  co r ipu te r  
( b u t  not t h e  'v'erb Tr?,z:::Lle or 7. I ?:nter) i s  stor26 t e  
i n  UP3iJV'. T h e  c o n t e n t s  of  TJ.UB!JI.'? a r e  p a r t  o f  t h e  209 ?;ord r?aci- 
o u t  list r e f e r r s d  t o  ea i - l i e r ,  and a r c  i-eacl-c)ut t:oice c1v?:.;: tr . :o 
s e c o n d s .  These r ead -ou t s  are compai-ea by t h e  3SCC ~ i t h  t h e  datr i  
t!iat i t  upl . inkec i .  T1;io s u c c i s s f u l  c o n r a r i s o n s  a r > e . i u i r e i  t o  
e s t a b  1 i s h  vz r i f i c at i o:i , thu:; r e  r i c  -i. rj. 
second minimun!) o f  telemetry dela ; i .  Id t h e  verl'. !"ic:etj.on 

w i l l  b e  p r o v i d e d .  T l i i s  s i t u ? t l o r !  1 v i l l  
t i o n  on del .ays  duil t o  non-nor ina l  c o n d i t i o n s .  The mess? 

t h e  t e l e p e t r y  5 j . t  s tream b e i n g  r e t u r n e c l  to t h e  X C C .  I t  i s  ser!t; 
t h r e e  t imes i n  t h r e e  c o n s e c u t i v e  one-second. l o n g  te lene t r37  dat.a 
frames. On m i s s i o n s  iwi th  two s p z c e c r a f t ,  t h e r e  will be t x o  H S D  
l i n e s  f o r  t e l e m e t r y ,  and t h e  CAP VER's w i l l  be s e n t  t1:;ice on  one  
l i n e ' a n d  once  on  t h e  o t h e r ,  phased  o n e - h a l f  s e c o n d  a p a r t .  

i r4' - (Cormand  .hnal, 1 .: ? a t t  e r n  T!; - __ - 

The total d e l a y  f o r  enterin:;  a n  1 8 - ~ o r d  u p d a t e  i n t o  
CMC o r  LGC work ing  memory a t  l u n a r  d i s t a n c e  i s  t h u s  estimated 
t o  b e  about 67 s e e . ,  p l u s  t h e  t i n e  for 6 o p e r a t o r  r e s p o n s e s .  
Wi th  a two s e e .  esti-mate f o r  e a c h  o f  t h e  l a t t e r ,  t h e  over-all 
t i m e  becomes 79 s e c .  I f  i t  i s  a l s o  r e q u i r e d  to c o n s i d e r  t h e  
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load g e n e r a t i o n  tin;... i n  th? W C C ,  zbout  20  s e e .  - . iould be z.dded, 
for a t o t a l  o f  a b o u t  100 s e c o n d s .  I n  t h i s  l a t t e r  c a s e ,  t h e  
f l i g h t  c o n t r o l l e r  dec i s ion -mak ing  t i m e  p r e p a r a t o r y  t o  s t a r L i n g  
l o a d  g e n e r a t i o n  and t h e  t i m e  r e q u i r e d  t o  s p e c i f y  t h ?  i n n u t  p a r a -  
meters !iou.ld ?.’so ha.ve t o  b z  c o n s i d e i - f > d j  and  coulc? % e  expected 
t o  b e  s i g n i f i c a n t .  F i g u r e  2 shows t h e  components  o f  t h e  t o t a l  
u p d a t e  d e l a y .  

F i g u r e s  3 and  4 show the o v e r - a l l  d e l a y s  t o  b e  e x p e c t -  
e d  for V e r b  7 1  u p d a t e s  and Verb 72 u p d a t e s ,  r e s p e c t i v e l y ,  a s  f u n c -  
t i o n s  of l o a d  l e n g t h  and s l a n t  r a n g e .  

If v e r i f i c a t i o n  5s  no t  e s t a S l i s h e d  on t h e  keycod-z-s 
a s s o c i a t e d  w i t h  t h e  Verb Preamble  or t h e  F i n a l  Entex-, t h e  normal 
p r o c e d u r e  i s  t.0 r e p e a t  t h e  t r a n r m i s s i o n  u n t i l  v e r i f i c a t i o n  i s  
a c h i e v e d ,  or u n t i l  the f l i g h t  c o n t r o l l e r  d e c i d e s  t h a t  f u r t h e r  
a t t e m p t s  are f u t i l e .  Each k e y c o d e  r e t r a n s m i s s i o n  c o u l d  be 
e x p e c t e d  t o  ta.1.e a b o u t  7 . 5  s e c o n d s ,  PI-us o p e r a t , o r  r e s p o r s e  t i r e .  

1.” \rc:[-,r; 1.7.. j CI 11 - i ~  3 :r-! , :- :; 1; ! , ;. j- 
3 

a de lay  of 6 a<di+; l  1 secoy!5a 3-2, j .pLpo 2 :P 

6 additj.oi.Ia.1 u ~ ~ i - j ~ ~ ~ j ~  a n  attempt t o  a c h i e v e  com:jari- 
son. The l i n e s  f a i l i n g  t o  coxpare a r e  i d e n t i f i e d  t o  t h e  T l i g h t  
c o n t r o l l e r  v i a  a CAP I\IO!d-COi~lS;.24: messzge i n  l i e u .  o f  a C.2.P VER.  
The no rma l  p r o c e d u r e  would no’:: b e  to i n i t i a t e  r e t r a n s m i s s i o n  o f  
t h e  l i n e s  i n  e r r o r  ( l i n e - b y - l i n e  c o r r e c t i o n )  I f  t h ~ v  “ r ’  do n o t  
e x c e e d  3 ,  and t o  c l e a r  t h e  load  and s t a r t  over i f  t h e y  d o .  The 
a d d i t i o n a l  d e l a y  to be e x p e c t e d  f o r  a l i n e - b y - l i n e  c o r r e c t r i n n  
would b e  a b o u t  15 s e c o n d s  for one  l i n e  i n  e r r o r ,  and a b o u t  1.5 
s e e .  e x t r a  for e a c h  a d d i t i o n a l  l i n e  t o  b e  c o r r e c t e d ,  p l u s  o p e r a -  
tor r e s p o n s e  t i m e .  T h i s  assumes t h a t  v e r i f i c a t i o n  on t h e  s e c o n d  
u p l i n k i n g  a t t e m p t  w i l l  o c c u r  on t h e  f i r s t  two r e a d o u t s  o f  t h e  
UPBUFF l i s t .  These t imes  i . n c l u d e  t h e  6 e x t r a  s econds  i . n h e r e n t  
i n  t h e  b u f f e r  compare rou . t ine  01: t h e  f i r s t  uplinl.: 2 t t e l r J 2 t .  Z a c h  
word to b e  upli.nI;ecl i n  the second a t t e m p t  must  b e  a c c o a p e n  
a tv:o d i g i t  idcnki f ’ i? i -  to e z a h l e  th t ?  co:;ipi;ter t o  i d e n t i f ? :  
lword i n  UPRUFF i s  t o  b e  co r rcc t ec l .  Thus, 9 keycodes a r e  r l equ i r ed  
p e r  word t o  b e  corrected; as f o i i o : c s :  

Ti-5 y3’;.+.- j n - - Q ! I ? ; ~  r i ’ b i s  - i c -  &’ +- c c :, 1 1. c,-:; FQ 1’ 

i i d  

xxxxxz 
I d e n t  i f i e  r ( 1 < i i < 2 0 ) 
Correct2.d Data 

- _  

i i E  

xxxxxE 

i i E  

xxxxxE 



c 
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. If  i t  is d e s i r e d  tc clear t h e  lcad and s t .2r t  ?I;?-..:, 
t h e  p r o c e d u r e  i s  t o  f i r s t  s e n d  "V3'IE:" ( t e r n i n a L e )  ;v!hici! :;!ill 
cause t h e  s p a c e c r a f t  computer  t o  d i s c a r d  all d a t a  j - t  has s t o r e d  
i n  TJFBUFF 2nd r e t u r n  t o  t5e  p r o g r a m  i t  1;ias i n  b e f o r e  tho u p d a t e  
xas i n i t i a t e d .  T h e  e n t i r e  u;il?lnk process is t h e n  reinitiated, 
s t a r t i n g  with t h e  Vei-b Preamble .  I n  this c a s e ,  t h e  d e l a y  t o  be 
e x p e c t e d  would be  a b o u t  6 s e c o n d s  e x t r a  w a i t i n g  for t h e  b u f f e r  
compare r o u t i n e  t o  t i m e  o u t ,  p l u s  a n o t h e r  80 s e c o n d s  f o r  a r e p e a t  
o f  t h e  e n t i r e  u p l i n k  process, assuming e v e r y t h i n g  g o e s  p e r f e c t l y  
t h e  second  t i m e .  The ''V34E" u s e d  to terrr . iRate  t h e  f i r s t  u p l i n k  
a . t t e p p t  c o u l d  be  e x p e c t e d  to consume a b o u t  t h e  i d e n t i c a l  time 
as t h e  "V33E" would h a v e .  However, a l o n g e r  operator delay  tin1.e 
c o u l d  logically b c  e s n e c t e d ,  2.s t h e  o p e r a t o r  nust novr c h o o s e  
a r~ong a l . t e r n a t i v e s  ri n dea l : i  2% yit,?-! a. non-nonbnz i  s j - t u ~ . k i - c p .  

2 0  3 4- J E  J - b  j V J  J .  E .  Johnson  

A t t a c h m e n t s  
R e  f e r e n  ce s 
Ab b r ,D v i zt i. OR s %I-: 3 i?. c 2- on;jrz c; 
T a b l e s  1-3 
F i g u r e s  1-4 . 
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1 . An o 1 1 o C ,-~!~rmr-i~-~ ‘Ye le ne t, r:y C on t r n 7 Cap ab i I i t !.;? :; Tor 
Y i s s i o n  C and  D, Philco-Ford Repor t  I’HO-TIJ227, 
J u n e  28 ,  1 9 6 8 .  

2 .  A p o l l o  Command Sxstem - Ground Network Data Flax, Case  
Bellcomm Technical-Memorandum No. 68 -2034-8,bYJ. 
J u n e  20, 1 9 6 8 .  

3 .  Command P,?ta. Format  Control. 33002, Data A c q u i s i t i o n  
Annex C, R e v i s i o n  3 ; YSC, b!ovs~:be~ 15 9 igG8. 

900, 
E .  J o h n s o n ,  

Plan, 
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C A P  COiYPARE 

CAP NON-COMPARE 

CAP VAL 

CAP VER 

CCATS 

c !,I c 
E 

E C R  

GS?C 

H S D  

k b p s  

L G C  

PIC c 
m Hz 

MOCR 

MS FN 

m s  

nm 

HS 

KSCS 

RSTC 

R T C C  

Coninand A n a l v s i s  P a t t e r n  Comparison 

Non-comparison 

Validat i o n  

11 I 1  11 

ll 11 I t  

I t  II II V e r i f i c a t i o n  

Communicat ions Command and Telemel;r*jr 
Sys tem 

C onmand I? o d u 1 e C o nip u t  e r 

" E n t e r "  Keycode 

E x e c u t e  Cornrnand R e q u e s t  

C-rJd:3ayd. .Sr..ct. y;.:y;::-j1; C?l-it,nr 

Hiyh-S.seed Date (2. I! k b p s )  

k i l o b i t s  per s e c o n d  

Lunar Module Gu idance  Computer 

M i s s i c n  C o n t r o l  C e n t e r  

megahe r t z  ( m e g a c y c l e s / s e c o n d )  

M i s s i o n  O p e r a t i o n s  C o n t r o l  Room ( i n  M C C )  

Mann e d S p a c 2 F 1 i gh t Ne two r k 

m i l l i s e c o n d  

n a u t i c a l  r ; l i les 

Remote Site Conimand Computer 

II T e l e m e t r y  Computer 

Real-Time Computer Complex 
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SC 

TLM 

UDB 

UHF 

UPi3UFF 

S p a c e c r a f t  

T e l e m e t r y  

Updata  B u f f e r  

U1 t r a -H i gh Fr e q u en c y  

B u f f e r  S t o r a g e  € o r  d a t a  from 
HSFN in C;,'C or L G C  

Unified S-Band 

"Verb" Key code  
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TABIE I 

CMC/LGC KEY COLiES 

L G C  VERB ( V )  
CMC V E R B  ( V )  
L G C  NOUN (N) 
CDlC NOUN ( N )  

Ci4C C L E A R  
L G C  EN'i'SR (E) 

LGC Z E R O  ( 0 )  
CNC ZERO (0) 

L G C  C L E A R  

C!,'C EliTER (2) 

LGC 0?7E (1) 

ChIC T!.JO ( 2 ) 
I,[; ;7 T : i T ? T ? T :  - i ~ i L _ ~ I _ .  ( 3 ) 

C':-ic ??OUR (4) 
L G C  FIVE ( 5 )  

L G C  SIX (6) 
CY,IC F IVE ( 5 )  

CPIC SEVEPl ( 7 )  
L G C  EIGHT ( 8 )  
CMC EIGHT ( 8 )  
L G C  NINE ( 9 )  
CMC NINE ( 9 )  
LGC P L U S  ( + )  
CI*IC P L U S  ( + >  
LGC ,T.IINUS ( - )  
CIbIC !.?IfS'US ( - )  
L G C  ALL zg3oz 
Ci.iC A T A T ,  ZE20;: 
L G C  E R R O R  RESET 
C;9C E R R O R  RESET' 

O C T A L  

31613504 
43613504 
3 17 7 0 17 4 
43770174 
31760370 
4 3 7 6 0 3 7 0 
31740760 
437 40 76 0 
31603700 
4 3 6 '33 7 0 0 
3 11' 17 4 0 4 
4341749b 
31427210 
4 3 )I 272 10 
2 1 !+ 3 7 c, 1 4 
4 3 3 7 0 i & 
3 14 4 6 6 2 3 
43446520 
31 4 56 112 4 
4 3 4 5 6 4 2 4 
31466233 
113465230 
3 1 li 76 0 3 !I 
43476034 
31505640 
43505640 
31515444 
43515444 
31721350 
43721350 
3 17 3 115Li 
43731 154 
31~0000c! 
4_1400000 

43623310 
31623310 

B I T  STRUCTURi.: 

v A LA P K 

011 001 1 
100 011 1 
011 001 1 
100 011 1 
011 001 1 
100 011 1 
011 001 1 
100 011 1 
011 001 1 
109 011 1 
011 LO1 1 
107 011 1 
011 001 1 
103 011 1 
r1 1 1 031 1 
1Gi 011 1 
O l i  001 1 
1'13 011 1 
011 001 1 
100 011 1 
011 091 1 
10? 011 1 
011 001 1 
103 011 1 
011 031 1 
100 011 1 
011 001 1 
100 011 1 
011 001 1 
100 011 1 
011 001 1 
103 011 1 
011 001 1 
l o r )  011 1 
011 001 1 
100 011 1 

10001 
10001 
11111 
11111 
11110 
11110 
111 00 
11100 
10090 
10009 
00031 
O n O Q i  
OOClQ 
0001 0 
Q_131 I 
00Q1 I 
OOlOn 
0 0 1 i) c! 
00131 
001O1 
00110 
Q3113 
G o l l y  
00111 
01000 
01000 
01001 
01001 
11010 
11010 
11011 
11011 
00909 
00000 
10010 
10010 

01110 
01110 
00000 
00000 
00001 
00001 
00011 
00011 
01111 
01.111 
11110 
- - _ _  1 1 1 1 0  
11101 
li1Oi 
11100 
112.39 
11011 
110:il 
11013 
11010 
11001 
11ClO1 
11090 
1!.030 
1.0111 
10111 
10110 
10110 
00101 
00101 

00109 
00000 
00000 
01101 
01101 

0 0 10 3. 
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TABLE 2 

LO A D DE S C R I P T I ON /LO A D  Ti’ Y PE S 

UPDATE DESCRIPTION VERB TYPE 

LGC LM NAVIGATION 

LGC CSM NAVIGATION 

LGC EXTERNAL AV 

LGC REFSMAT 

LGC TIME INCREMENT 

LGC LIFTOFF T’II~IE 

LGC LANDING SITE VSCT’OR 

LGC DESCENT 

LC-c E R A S A ~ L E  r#x:iori A 

LGC 3 x c m r , E  ; ~ I O R Y  B 
LGC ERASABIjE TflEIlOi3Y A 

LGC ERASABLE D‘IEr40RY R 

71 
71 
73 
70 
71 

7 1. 
72 
7 :i 
72- 

71 
71 
72 
7 1  
73 
70 
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TfiBLE 3 ____ 

COi3POlJEl~TS OF DELAY 

d I .  COMMAND LOADING - 

1. CCATS p r o c e s s i n g  

2 .  MCC-GSFC t r a n s f e r  v i a  T;U3D 

3 .  GSFC r e a d  i n  - 2400 b i t s  @ 53 k b p s  

4. GSFC processin2 

5 .  GSFC-RS t r a n s f e r  v i a  HSD u s i n g  
s a t e l l i t e  at synchronous a l t i - t u d e  

6 .  RSCC r e a d - i n  - 1722 bits 2 2.4 kbp:; 

7. 

3 .  

9. 

10. 

11. 

12. 

13 .' 
14 . 

Time R e q u i r e d  ( m s )  

56 

23 

4 8 

1 3  

300 

71.9 

1 6 .  NCC-GSFC t r a n s f e r  via \!SD 

1 7 .  GSFC read- in- -600  b i t s  @ 50 l tbps  

18 .  GSFC p r o c e s s i n g  

1 9 .  GSFC-RS t r a n s f e r  v i a  HSD 

56 

23 

1 2  

1 3  

300 
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Time R e q u i r e d  ( m s )  

2 0 .  RSCC r e a d - i n  - 1 0 2  bits @ 2 . 4  k b p s  43 

130  21. RSCC p r o c e s s i n g  

2 2 .  UDR p r o c c s s i n g  30 

2 3 .  RS-SC p r o p a g a t i o n  del.ay a t  l u n m  
ais t a n c  e 

1360 

2 4 .  SC r e a d - l n  - 3 keycodes  2 160 ms, less 439 
50 ms. 

27. SC-RS p r o p a g a t i o n  d e l a y  

28 .  R S T C  proccssing and b u f f e r > ;  rig 

2 9 .  ( R e p e a t  o f  9-14  above )  

30. MOCR d i s p l a y  u p d a t i n g  

111. ‘ “ENTER” 

31. O p s r a t o r  r e s p o n s e  time 

3 2 .  ( l i e p e a t  of 15-23 above) 

33 .  SC r e a d - i n  - 1 keycode 

34.  ( E e p e a t  ol” 25-33 a b o v ? )  

13bJ 

1.309 

588 

1000 

X 

1967 

110 
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Time R e q u i r e d  ( m s )  

I V .  LOAD DATA, W = 1.8 
~~ 

35. O p e r a t o r  r e s p o n s e  t i m e  X 

36 .  ( R e p e a t  o f  15-23 above )  1 9 6 7  

37.  S C  r e a d - i n  - 1 1 6  keycodes  @ 1 6 0  m s ,  18510 

38. CIvIC/LGC p r o c e s s i n g  180 

39.  CT,?C/LGC t e l e rnc t ry  x a I t i n 5  t i . 1 7 ~  2005 

40. SC-3, q - , - . , - q , . , Q -  ,< f c, L. :>i.. I/ I . G l l  de 1")- 1.3, c 9 

less 50 ms 

- 2 I'ealdoLits 

, .  

43. ( R e p e a t  of 9-14 above )  

44. O p e r a t o r  response time 

7 p 0 5 + x 

4 G .  Operator r e s p o n s e  t i x z  

4 7 .  ( R e p e a t  of 32-34 a b o v ? )  

X 

7505 

7505+x 

.. .. . - .... ~ . ... . . .~ - . .. .. . _ _ . . .  i_ ~ ~ ........ . . . .  . . 
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C0:WOIENTS OF D E L A Y  ( Contd. ) 

VII. 113" - 
48. Operator r e s p o n s e  t i m e  

4 9 .  ( R e p e a t  o f  32-34 a b o v e )  

VIII. "E?:7'9Et' 

5 0 .  O p e r a t o r  rc?sponse time 

51. (Repeat  o f  32-33 above )  

52. CI*:'J/L,GC p i ~ o c e s s i n ~  

Time Required ( m s )  

X 

7505 

X 

2077 

T o t a l  for u p l i n l i i n g  6 6 5 0 7 t € x  n i s  

2 4  67;-CX s e c .  
For  x = 2 s e c .  = 79 S P C .  

. .  _ .  .~ ...... ~. .. .. , . _ _  ~ .... -- .. ... _ _  ... . . .  . _  
~~ 
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